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DETAILED ACTION 
Continued Examination Under 37 CFR 1.114 

A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.1 14, and the fee set 
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicants submission filed on 
1 1/27/2007 has been entered. 

Claim Objections 

Claim 1 is objected to because of the following informalities: 
Claim 1 recites limitation "a second opposite conductivity type, wherein the 
second conductivity type is opposite the first conductivity type". It is redundant in 
describing "opposite' 1 twice in the limitation. It is suggested to change to "a second 
conductivity type, wherein the second conductivity type is opposite the first conductivity 
type". Appropriate correction is required. 

Claim Rejections - 35 USC § 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 1.02 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 
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(b) the invention was patented or described in a printed publication in this or a foreign country or 
in public use or on sale in this country, more than one year prior to the date of application for 
patent in the United States. 

2. Claim 1 , 3-22, 24, 38, 40-42 and 45-46 are rejected under 35 U.S.C. 102(b) as 

being anticipated by Fathauer et al. (US Patent 5757024). 

Regarding claims 1, 3, 40-42 and 45-46, as seen in Figure 6, Fathauer et al 

discloses a photodiode (or electroluminescent Si-based diode) comprising a first layer 

(60) of first semiconductor material of first conductivity type (n-type); second layer (64) 

of second semiconductor material of a second conductivity type (p-type), wherein the 

second conductivity type is opposite to the first conductivity type; and a third layer (62) 

situating between the first and the second layers (See col. 9 line 50 to col. 10 line 6). 

Fathauer et al. describes the third layer (62) is a thin porous semiconductor of about 5- 

20 nm (See col. 2 line 23-28 and col. 3 lines 23-28) and positioned between two active 

semiconductor layers (p- and n-type layers), therefore it is the Examiner's position that 

third layer (or thin porous semiconductor 62) is a translucent porous layer and also a 

diffusion barrier. 

Regarding claims 4-16, Fathauer et al teaches that the first, second and third 
semiconductor material comprise silicon. In other words, they all comprise a same 
semiconductor material and element. (See col. 9 line 50 to col. 10 line 6) 

Regarding claim 17, Fathauer et al describes that the porous layer (SiGe 62) is 
epitaxially grown without adding dopant impurity. Therefore it is the Examiner's position 
that the third semiconductor material (SiGe) comprises a non-doped semiconductor 
material. (See col. 9 line 50 to col. 10 line 6) 
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Regarding claims 18-19 and 38, Fathauer et al. describes that the porous layer is 
in the form of monocrystalline SiGe. (See col. 5 lines 18-23). 

Regarding claims 20-21, Fathauer et al describes the porous layer embedded 
between monocrystalline silicon layers (See claim 1). Therefore it is the Examiner's 
position that the second layer is a monocrystalline semiconductor material. 

Regarding claim 22, Fathauer et al. describes the thickness of the first layer (or 
one of Si layers) is 30 nm. (See col. 3 lines 23-28). 

Regarding claim 24, as seen in Figures 1-5, Fathauer et al. teaches a structure 
(with one application is photodiode device as seen in Figure 6) has stacked Si layers 
and SiGe layers, wherein the fourth layer (or another porous SiGe layer) is attached to 
the second layer (or the p-type Si layer). The fourth layer (or another SiGe layer) 
comprises non-doped crystalline silicon semiconductor material (See col. 5 lines 12-23 
and claim 1). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 



Application/Control Number: Page 5 

10/658,114 

Art Unit: 1795 

1 : Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

3. Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Fathauer in view of Yamada et al. (US Patent 5331 1 80) 

Regarding claim 23, Fathauer et al. teaches a light emitting diode as described in 
claim 1. 

Fathauer et al. does not specifically teach situating an amorphous silicon layer 
between the first and third layer. 

Yamada et al. teaches a porous semiconductor light emitting device, wherein an 
amorphous SiC>2 layer 32 is disposed between an n-type silicon layer (42) and a porous 
silicon layer (22). (See Figure 4 and col. 8 lines 47-51) 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify the device of Fathauer et al. by incorporating an 
amorphous silicon layer such as SiC>2 between the first (n-type silicon layer) and third 
layer (porous layer) as taught by Yamada et al., because Yamada et al. teaches the use 
of the amorphous Si0 2 layer is not only improves the chemical stability and mechanical 
strength, but also controls the wavelength and intensity of emitted light. (See col. 12 
lines 57-60) 

4. Claim 25, 37, 39 and 47 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Fathauer in view of Berger et al. ("Porosity supperlattices: a new 
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class of Si heterostructures", Journal of Physics, 1994, pages 1333-1336) and further in 
view of Yamada et al. (US Patent 5331 180) 

Regarding claims 25, 39 and 47, Fathauer et al. teaches a photodiode device 
with porous layer embedded between n-type and p-type silicon as described in claims 1 
and 24, wherein the porous layer includes a stack of alternating monocystalline Si and 
SiGe layers (See Figures 1-6 and claim 1). For example, in a stack of two porous SiGe 
layers and one Si layer sandwiching between the porous SiGe layers, one porous SiGe 
layer corresponds to instant porous layer, the second porous layer corresponds to the 
instant fourth layer and the Si layer corresponds to the fifth layer, wherein all the layers 
are non-doped; or the fourth and the fifth layers comprise a same conductivity type. 

Fathauer et al. does not teach using amorphous silicon, nanocrystalline or 
microcrystalline semiconductor material for the fifth layer, nor do they teach using 
multicrystalline silicon semiconductor for p-type conductivity and porous layers, and 
amorphous silicon for n-type conductivity for n-type layer. 

Berger et al. teaches using a porosity supperlattices of silicon, or stack of 
alternating Si and porous Si layers in photodiode (light emitting device), instead of a 
stack of alternating Si and porous SiGe layers . (See Figure 1 and Abstract of Berger et 
al.) 

Yamada et al. teaches a photodiode having a porous silicon layer embedded 
between a p-type and an n-type conductivity layer (See Figure 4 col. 8 lines 36-68), 
wherein polycrystalline silicon (or multicrystalline) is used for all layers in the 
photodiode. Yamada et al. also teaches using monocrystalline silicon (or Si wafer) for a 
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p-type substrate as seen in Figure 6A. Yamada et al. further teaches polycrystalline 
silicon includes amorphous Si. (See col. 21 lines 34-38). Therefore it is the Examiner's 
position that Yamada et al. teaches using multicrystalline silicon for p-type conductivity 
layer and porous layers, amorphous silicon for n-type conductivity layer. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the photodiode of Fathauer et al. by using porous silicon 
layers in place of porous SiGe layers as taught by Berger et al., and using 
polycrystalline (or multicrystalline) that includes amorphous for porous silicon layers and 
layers with n-type or p-type conductivity as taught by Yamada et al., because Berger et 
al. teaches that the porosity superlattice structure can offer the possibility to narrow and 
shift the luminescence of light emitting device (See 1 st paragraph of 2 nd column on page 
1336) and Yamada et al. teaches using either polycrystalline or monocrystalline silicon 
is only a matter of choice. 

Regarding claim 37, Berger et al. teaches a porous silicon layer with 20 nm thick 
has 64% porosity. (See Figure 1 of Berger et al.) 

5. Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Fathauer et al. in view of Suzuki et al. (US Patent 5644156) 

Fathauer et al. teaches a photodiode as described in claim 1. 

Fathauer et al. does not specifically teach the second layer comprises a plurality 
of macro etch pits comprising a diameter of greater than about one micron, and wherein 
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a portion of the macro etch pits comprise a plurality of fine etch pits comprising a 
diameter of less than about one micron. 

Suzuki et al. teaches a photodiode comprising a first layer (251) of p-type 
conductivity, a second layer (252) of n-type conductivity (See Figures 42-45; col. 35 
lines 30 to col. 38 line 8), wherein the second layer comprises a sponge-like structure 
with pores having diameters from a few nanometers to a few tens of micrometers (See 
col. 36 lines 50-56). Therefore it is the Examiner's position that Suzuki et al. teaches the 
second layer comprises a plurality macro etch pits having diameters of greater than 
about one micron, and wherein a portion of the macro etch pits comprise a plurality of 
fine etch pits having diameter of less than about one micron. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify the device of Fathauer et al. by forming on the second 
layer a plurality of macro etch pits (or sponge-like structure) comprising diameter of 
greater than about one micron with a portion comprising a plurality of etch pits having 
diameter of less than about one micron as taught by Suzuki et al., because Suzuki et al. 
teaches that forming a plurality etch pits would provide stable luminescence 
characteristics. (See col. 35 lines 44-52). 

Response to Arguments 

Applicant's affidavits and arguments with respect to claims 1-26, 37-42 and 45- 
47 filed 1 1/27/2007 have been noticed and considered but are moot in view of the new 
ground(s) of rejection. 
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Applicant argues that the combination of Yamada et al. and Fathauer et al. is 
improper, because there is no suggestion or motivation in either Yamada et al. or 
Fathauer et al. to combine, and Yamada et al. does not use stain etching in preparing 
their device. The Examiner respectfully disagrees. First of all; stain etching is deemed to 
be a method which is not part of claimed limitation. Secondly, both Fathauer et al. and 
Yamada et al. teach a photodiode (or light emitting device) and using silicon as a main 
material. Therefore the combination of the references is definitely proper. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Thanh-True Trinh whose telephone number is 571-272- 
6594. The examiner can normally be reached on 8:30 am - 5:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nam Nguyen can be reached on 571-272-1342. The fax phone number for 
the organization where this application or proceeding is assigned is 571-27.3-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 



Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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